Abstract.
Introduction
In our increasingly managed environment, where the maintenance of many ecosystems, habitats and species rests largely in human hands, disease control is now an important process in the active conservation of wild bird populations. Individual disease outbreaks are known to have killed many tens of thousands of a wide range of wild bird species. Generally, it is often technically easier to eliminate the cause of a non-infectious disease, such as lead poisoning, or pesticide contamination, than it is to eliminate an infectious agent. Theoretically, a toxin will eventually disappear from the environment over time if no more is added, whereas an infectious agent is capable of replicating itself and spreading without new additions (Wobeser 1994) . Most infectious agents, namely, parasitic and/or commensal viruses, bacteria, proto- zoa and helminths, are component parts of the ecosystems in which their wild avian hosts occur, they have co-evolved, and the infectious agents do not necessarily cause diseases in the hosts carrying them. Sometimes, however, tens of thousands of birds have become sick and in extreme cases have died, in various parts of the world, because of an outbreak of an epidemic disease. For example, duck plague, Newcastle disease, and avian cholera have killed wild waterfowl including ducks, geese, swans, and cormorants in North America (Friend & Franson 1999 , Table 1 ). The causes of such outbreaks seem to be related to changing ecosystems, and to changes in avian behavior and/or physiology (Friend & Franson 1999) , themselves considerably influenced by human activities.
Considerable environmental change has occurred in Japan over the last 150 years.
With the increased availability of firearms following the Meiji Restoration (1860s) the populations of a wide range of species including cranes (Gras spp.), ducks (Anas and Aythya spp.), geese (Anser and Branta spp.), and swans (Cygnus spp.) were dramatically depleted during the late 19th and early 20th centuries. Furthermore, considerable impact as a result of industrial development during the 20th century (particularly during the post 1945 rapid development phase) led to extensive environmental damage to marine, coastal, lowland, freshwater, and montane ecosystems, with extensive areas of the natural habitat being entirely destroyed (coastal and lowland wetlands have been particularly hard hit). As a consequence of this, avian habitats have been greatly altered and populations mostly reduced. Although waterfowl populations steadily increased during the latter part of the 20th century as persecution declined (Japanese Association for Wild Geese Protection 1994), continued habitat loss has led to the considerable concentration of certain populations. Not only are waterfowl populations greatly concentrated at a shrinking number of wetland sites, both during stop-overs on migration and during the main winter period, but they are also remaining at fewer sites for longer periods of time, thus greatly increasing the risk of, and facilitating, bird-to-bird spread of pathogens. Fortunately, so far, there have been no severe outbreaks of infectious diseases among waterfowl in Japan. Japan is, however, host to internationally famous concentrations of Hooded Grus monachus and White-naped G. vipio cranes in southwest Kyushu (both species considered vulnerable; Bird Life International 2000) and of Japanese Cranes G. japonensis in east Hokkaido (considered endangered; Bird Life International 2000), and of ducks, geese and swans in Kyushu, Honshu and Hokkaido, each of which is potentially at risk from the spread of infectious diseases.
Furthermore, Japan is an important transit country for a wide range of migratory species. Japan is situated on the East Asian Flyway, a migratory route connecting northeast Asia with southeast Asia, with important branches passing through the Japanese southwest Islands, Nansei Shoto, Kyushu, Honshu and Hokkaido into northeast Russia and also via Kyushu and the Korean Peninsula into eastern China. In addition to the waterfowl groups already mentioned, considerable numbers of migrant passerines, shorebirds and raptors pass through the Japanese islands (Brazil 1999) . The fact that outbreaks of infectious diseases have not so far significantly impacted populations of birds in Japan must be seen as fortunate, but unlikely to continue as larger numbers of individuals are concentrated in fewer and fewer areas. An understanding of the infectious and parasitic avian disease organisms that are present in Japan, their ecology, transmission and symptoms is an essential conservation tool. Our aim in writing this paper is, therefore, to provide an overview of infectious and parasitic avian disease organisms, their recognition, their implications for avian populations in Japan, and potential strategies for risk reduction, in the hope of helping to prevent a severe epidemic event among bird concentrations in Japan.
The Changing Status of the Japanese Avifauna and Infectious Diseases
About 50 species of birds were added to the Japanese list during the latter half of the 20th century (Brazil 1991, Ornithological Society of Japan 2000), and in future years more species will no doubt be added to the list from Asia, the Pacific, and North America, due not only to increasing numbers of Japanese birdwatchers finding them, but also to environmental change in the east Asian region and to global climate change forcing or encouraging more species to wander or to shift their patterns of distribution.
The Japanese avifauna cannot be viewed in isolation.
It is intricately interconnected
with the avifaunas of other parts of Asia, the North Pacific region, and North America through regular migration of a wide range of species and the vagrancy of an unpredictable number of others. Despite the distances involved, indirect migratory links between bird populations in North America and East Asia bring the inherent risk that avian disease organisms already known among populations in North America may be transferred to East Asia including Japan. A wide range of infectious diseases has been reported among wild birds in North America (Friend & Franson 1999) ; bird populations in Japan are, by virtue of the potential for transmission between migrant birds, at risk from these and other disease organisms (see Table 1 ) making it essential that conservationists in Japan are aware of the risks involved. Viral Diseases DNA viral diseases: Viral diseases have not been recognized as major causes of illness and death of wild birds in Japan, however, there has been significant concern about such diseases in the USA since the 1970s because of severe outbreaks of Duck plague there (Friend & Franson 1999) , although it is not deemed indigenous there. Duck plague, or duck viral enteritis, is caused by a herpes virus (Family Herpesviridae). It has been described as occurring among captive and free-ranging populations of various Anseriformes including dabbling ducks (Anas, Aix, Cairina ), diving ducks (Aythya, Bucephala ), sea ducks (Somateria, Mergus), geese (Anser, Branta), and swans (Cygnus) (Ritchie & Carter 1995) . It is considered most likely that the duck plague virus was introduced to North America and Asia from Europe among imports of infected waterfowl (Ritchie & Carter 1995) . So far, there have been no records of this disease in Japan, however, its occurrence both in the USA and China (Nuttall 1997) indicates that Japanese avian populations may also be at risk, thus monitoring for its presence should be instigated at wetland sites.
Although duck viral enteritis has not yet been recorded from Japan, there has been a case of another lethal herpes viral infection among wild birds in Japan, namely of Marek's disease virus (MDV) (Family Herpesviridae). In spring, prior to breeding in Russia, and in autumn, prior to wintering in Honshu, most of approximately 60,000 individual White-fronted Goose (Anser albifrons) spend several weeks feeding on the Ishikari River plain in west Hokkaido, near Bibai City, with the majority of them roosting each night at one particular swamp -Miyajima-numa (approximately 30ha) (Brazil 1991 , Hayashi 2001 . From an ornithological and conservation perspective Miyajima-numa is a remarkably important site for the White-fronted Goose and for a wide range of other waterfowl species. It is also a highly significant site from an epidemiological viewpoint as a lethal case involving a tumor lesion caused by Marek's disease, in an adult female White-fronted Goose was diagnosed from Miyajima-numa in November 2001 (Zoo and Wildlife Medical Group of Rakuno Gakuen University et al. 2001). Marek's disease is caused by a highly contagious herpes virus with a worldwide distribution, and it is normally found amongst chickens (Shimizu et al. 2002) , but lesions resembling those caused by MDV also have been reported in wild and/or captive owls, pheasants, partridge, ducks, geese, swans and a kestrel (Ritchie & Carter 1995, Yonemaru unpubl.) . In Japan, MDV is most commonly found among domestic chickens especially among battery chickens (e.g. Zoo and Wildlife Medical Group of Rakuno Gakuen University et al. 2001). As MDV has been shown to be transmitted through direct and indirect contact with contaminated aerosols (Ritchie & Carter 1995) , the extreme congestion of geese at communal sites such as Miyajima-numa places them at considerable risk. Hence, a preliminary epidemiological survey was made of 45 geese utilising Miyajima-numa during April 2002 (Asakawa et al. unpubl.) . Molecular biological results, based on feather analyses will be published somewhere. Since 1973, many captive cranes including Sandhill (G. canadensis), Hooded, Japanese, and Stanley (Anthropoides paradisea) in Austria, the United States, France, China, and the former Soviet Union have died due to infection by a herpes virus referred to as "inclusion body disease of cranes" (Ritchie & Carter 1995 , Friend & Franson 1999 .
There have been cases of this infection from Japan too. According to Suzuki et al. (1997 Suzuki et al. ( , 1998 , one captive Stanley Crane and four captive Japanese Crane in Tama Zoo, Tokyo, died in 1992 because of this disease. In addition to the diseases resulting from infections of the herpes virus mentioned above, there are many other infectious diseases caused by other herpes viruses throughout the world (cf. Appendix 1), thus it is likely that others will occur in Japan in the future. et al. 1983 , Tsai et al. 1997 , Sato et al. 2000 , Takehara 2000 , Shimizu et al. 2002 . RNA viral diseases: Both Newcastle disease virus (NDV) (Family Paramyxoviridae) and Influenza A virus (also known as Fowl plague virus and Avian influenza virus) (Family Orthomyxoviridae) belong to a common phylogenetic group in the Mononegavirales order (Van Regenmortal et al. 2000) . Both are severely infectious agents among birds (Ritchie & Carter 1995 , Friend & Frason 1999 , Shimizu et al. 2002 . NDV is capable of infecting a wide range of avian species. In addition to domestic poultry, amongst which it is particularly virulent, more than 230 species of birds from more than half of the avian orders have been found to be susceptible to natural or experimental infections with NDV. Epornitic outbreaks of NDV appear to occur every 10 to 12 years. In a well-documented outbreak of NDV in the Great Lakes region of Canada and the United States during 1990 and 1992, total mortality attributed to the disease exceeded 20,000 wild birds including Double-crested Cormorants (Phalacrocorax auritus) (Friend & Frason 1999) . NDV has been reported among both wild and captive birds in Japan, with documented outbreaks of Newcastle Disease among feral pigeons (Columba livia) and captive peacocks (Polyplectron emphanum) at Ueno Zoo, Tokyo (Nakagawa et al. 1967 , Arias-Ibarrondo et al. 1978 , Abenes et al. 1982 , Shirai et al. 1986 , Kawamura et al. 1987 . Although wild birds have been the focus of concern as a source for influenza infections in poultry and humans (Friend & Frason 1999 , Shimizu et al. 2002 , this infectious disease is not considered so significant from a wildlife conservation perspective because of the low rates of mortality typically involved. This assumption is based however, on mortality being the only significant impact of a disease. There may indeed be additional factors involved rendering a nonfatal disease significant. Reduced health levels; may: contribute negatively to incidental mortality (by facilitating easier predation), prevent effective migration, or even reduce the capacity to compete and breed. The influenza virus has been isolated from many species of water birds and shorebirds in Japan (Abenes et al. 1982) , almost all of which are migratory.
Within the poultry industry, infectious bursal disease is also important (Shimizu et al.
2002
). Serum samples collected from 739 free-living wild birds of 44 species of 32 genera from Honshu, Japan, were tested for antibodies to this disease virus. Serological evidence of infection was found in 2% of six resident species and 4.9% of 11 migratory species belonging to the genera Anas, Columba, Corvus, Egretta, Falco, Gallinago, Larus, Ninox, and Scolopax (Ogawa et al. 1998 resulting from infection by the bacterium Pasteurella multocida (Shimizu et al. 2002) . The proximity of the sites in South Korea, where the outbreak occurred, to Japan and the fact taht migratory bird more between these two countries indicates that there is the very real possibility of a future outbreak of avian cholera among waterfowl wintering in Japan, a number of which migrate by way of the Korean Peninsula. The wintering concentration of more than 10,000 White-naped and Hooded cranes at Arasaki, Kagoshima Prefecture in Kyushu may be at particular risk. Trichophyton, Fusarium, Ochroconis, and Absidia have been reported as causing disease, including large-scale mortality events and/or mycotoxicosis, in a range of avian species from various parts of the world (Nuttall 1997 , Friend & Frason 1999 , Shimizu et al. 2002 . As yet, however, despite some opportunistic infections such as in a captive Japanese Crane and penguins (Morimoto et al. 1983, Yonemaru unpubl.) , there have been no severe outbreaks caused by fungal infection among wild bird populations in Japan, however, avian fungal agents have been examined for public health purposes (e.g. Sasaki et al. 1999 ).
Parasitic
Protozoan Diseases
There are several genera of avian flagellates and amoeba (Phylum Sarcomastigophora), including Trypanosoma, Hexamita, Histomonas, Parahistomonas, Monocercomonas, Trichomonas, Tetratrichomonas, Chilomastix, En tamoeba, and Endolimax (Janovy 1997 , Shimizu et al. 2002 . et al. 1994) . Although the agents for avian malaria are commonly found among various genera of wild birds in Japan, such as among the night herons Nycticorax, bulbuls Hypsipetes, crows Corvus and so on, there seem to have been no outbreaks of the disease among wild birds in Japan so far (McClure et al. 1978 , Murata 1990 , 2002 . Recently, however, Leucocytozoon sp. was found in wild Rock Ptarmigan in Toyama Prefecture (Hagiwara et al. 2002) .
Among wild and/or captive cranes, cases of disseminated visceral coccidiosis, caused
by Eimeria reichenowi and E. gruis, and fatal coccidiosis, caused by Hepatozoon-like organisms, have been reported at Arasaki in Kagoshima Prefecture, Kyushu, the wintering place of more than 10,000 wild White-naped and Hooded cranes (Murata et al. 1996 , Inamoto et al. 1998 . Control of the visceral coccidian species is more difficult than that of intestinal coccidian species, since the levels of anticoccidial drugs given orally may be reduced prior to reaching the site of infection such as the liver, muscles, spleen, and lungs, as a result of poor absorption into those particular tissues and because of detoxification by the host (Carpenter et al. 1979 ).
Within the arenas of both public health and captive animal health, toxoplasmosis among poultry is also very important. Serological evidence of infection has been found so far among five wild bird species in Honshu, namely the feral pigeon, the Black-crowned Night-heron N nycticorax, the Striated Heron Butorides striatus, the Carrion Crow Corvus corone, and the Thick-billed Crow C. macrorhynchos (Murata 1998 Table  1 ). Because the debilitating effects of severe protozoan infections among birds could increase their susceptibility to predation and/or to other causes of mortality, it is important that we should know about the natural distribution of the final hosts of Sarcocystis in order to be able to take practical measures for the conservation of avian species. Although there have been no records of protozoa among wild birds in Japan, Murata (1986) reported a case of fatal Sarcocystis infection in a Lesser Flamingo (Phoenicopterus minor) in captivity.
Certain free living protozoa such as diatoms (Phylum Bacillariophyta: genera Nitzschia and Pseudonitzschia) and dinoflagellates (Phylum Dinoflagellata: genera Alexandrium and Gymnodinium) produce neurotoxins such as domoic acid, saxitoxin, and brevetoxin, that can affect seabirds. Most reports of mortality in birds have been die-offs occurring in conjunction with protozoan blooms in the USA (Friend & Franson 1999) . Although no such mortalities have been reported yet in Japan, many protozoan blooms occur around Japan making it essential that we pay attention to such events because of their potential for causing mortality.
Parasitic Helminth Diseases Uchida et al. (1991) , in their review of avian parasites, listed about 170 trematode, 110 cestode, 70 nematode, and 20 acanthocephalan species from Japanese birds, including domestic fowl and experimental hosts. According to Uchida et al. (1991) and Hasegawa and Asakawa (in press), 27 new cestodes were described, and five new trematode species were also added during the period from 1960 to 1990, however, no new nematode or acanthocephalans were added during that period. Following Uchida et al. 's (1991) review, 11 new cestodes have been added (Hasegawa & Asakawa in press). It seems probable that most of these helminths are common among Chinese, Far East Russian or Southeast Asian birds because in most cases their bird hosts are migratory. Moreover, many of the helminths recorded among the birds resident in Japan may also be shared by Eurasian species because allied hosts occur on the Eurasian continent as non-pathogenic commensal organisms inside the bodies of wild birds. The presence of such helminths in an avian species can provide us with important ecological information pertaining to the species' foraging or dietary habits, or its migration route, acting as a biological tag (Asakawa et al. 1991, Hasegawa & Asakawa in press ).
During the 1990s, several cases of helminthiasis, including fatal cases, were reported among wild waterfowl in Japan, including, for example, a young male Little Grebe (Tachybaptus ruficollis), which died in Hyogo Prefecture of a severe nematode infection with Eustrongylides tubifex (Family Dioctphymatidae) (Murata et al. 1997 , Asakawa et al. 1997 . Numerous nematodes were found in the lumen of the proventriculus, attaching to the mucosa, and some were penetrating into the muscle layer causing a severe inflammatory reaction. The nematode genus Eustrongylides is commonly found among piscivorous birds such as herons (Ardea spp.), egrets (Egretta spp.) and various ducks (Mergus spp. etc), because fish play a role as paratenic hosts of this nematode. It is well-known that eustrongylidosis is one of the factors contributing to the mortality of such piscivorous birds (Friend & Franson 1999, Table 1 ). Recently, fourth-stage larvae of the genus Eustrongylides were found among freshwater fishes of the genera Rhinogobius and Channa in artificial ponds in Tokyo (Shimazu et al. 2000) , thus we must pay careful attention to the deaths of any piscivorous birds. The spirurid genera Oxyspirura and Thelazia parasitize the eye (conjunctivae, nictitating membrane and lacrimal duct) and can cause conjunctivitis. Recently one such nematode species, Thelazia (Thelaziella) aquillina was obtained from a captive Oriental White Stork (Ciconia boyciana) and endangered species restricted to east Asia in the Japanese Stork Centre (Murata & Asakawa 1999 , Asakawa et al. 2000 , Bird Life International 2000 . Since this bird-specific subgenus, Thelaziella is well-known as a Asakawa namely of the shistosomatid (probably Trichobilharzia sp.) from C. bewickii and the cyclocoelid Hyptiasmus sp. from C. cygnus (Asakawa et al. 1997 (Asakawa et al. , 2000 . It was reported recently that larvae of one species of Trichobilharzia migrates to, and develops in, the central nervous system of both birds and mammals (Horak et al. 1999) .
Bloodsucking leeches (Families Hirudinidae and Haemadipsidae) including the genera Hirudo, Myxobdella, Macrobdella, Ornithobdella, Hirudobdella, Haemadipsa, Chtonobdella and Planobdella, affect many aquatic bird species (Janovy 1997 A wide range of non-native avian species have been reported in Japan, many of these are originally derived from the pet bird trade and have escaped or been released. Some of these species have also been confirmed as breeding in Japan, and some are known to have carried disease (Brazil 1991 , Eguchi & Amano 1999 , Ornithological Society of Japan 2000 . Indian Ring-necked Parakeets (Psittacula krameri) imported into Japan in 1998, for example, are known to have died of Newcastle disease (Sanada & Sanada 2001 ). If such infected pet birds were to escape in Japan they could become the source of a Newcastle disease epidemic among wild birds.
If it is necessary to prevent an infection of nematode parasites with indirect life cycles (see Anderson 2000), then removing animals that serve as intermediate and/or paratenic hosts by means of pesticide spread in the target area is one preventative method. Although it is very difficult to administer drugs to wild species, an alternative method of nematode eradication is to use anti-nematode drugs (e.g. Fenbendazole, Mebendazole, Thiabendazole, Levamisole, Ivermectin). These are periodically administered to birds in order to treat and prevent further infection. It is essential that we understand, however, that any program based on the widespread and repeated use of chemotherapy or biocides to attack living agents, or their vectors, is likely to stimulate the development of acquired resistance in the target organisms. Consequently, such methods rapidly lose their effectiveness and eventually defeat the very object of the control program. Instead, using minimal amounts of various chemicals and/or antibiotics alongside other forms of epidemic management, such as: inducing single large avian colonies, roosts, or gatherings to break into several smaller entities; immediate carcass removal from the site of an epidemic; exterminating suspiciously infectious birds with symptoms of the disease, are likely to be more effective than mass treatment with a single agent, in a long-term control program. Clearly, any disease control program requires precise ecological and behavioural knowledge of the target bird population (including its migration routes and the locations of its resting and breeding sites) and of the targeted infectious organisms.
In order for medical researchers to be able to prepare for future epidemic outbreaks amongst birds, they must perform epidemiological surveys of the probable agents menti- 
